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071] Sialyltransf erases from prokaryotes have been described by, for example, Weisgerber ot 
. (1991) Glycobiol. 1:357-365; Frosch, M. et al . (1991) Mol . Microbiol. 5:1251-1263; and 
Ibert, M. et al. (1996) J. Biol. Chem. 271:28271-28276, It has been suggested that the 
cterial sialyltransf erases might have a wider spectrum of acceptors than their mammalian 
unterparts (Kajihara, Y. et al. (1996) .J. Org. Chem. 61:8632-8635 and Gilbert et al., Eur. 
ochem. 249: 187-194 - (1997) ) . 

tail Description Paragraph : 

088] The invention also provides fusion polypeptides that are useful for sialylation 
actions. These fusion polypeptides include a catalytic domain from a sialyltransf erase and 
talytic domain from a CMP-sialic acid synthetase (EC 2.7.7.43, CMP-N^acetylneuraminic acid 
ynthetase) . Such genes are available from,:. for example, Musmus cuius (GenBank AJ006215, 
unster et al . , Proc. Natl. Acad. Sci. U.S.A. 95: 9140-9145 (1998)), rat (Rodriguez-Aparicio 

. (1992) J Biol. Chem. 267: 9257-63 ),[ Haemophilus ducreyi (TulTius et al. (1996)=- J. Biol, 
hem. 271: 15373-80), Neisseria meningitidis (Ganguli et al. (1994) J. BacteriolV 176: 4583-9 
roup B streptococci (Haft et al . (1994) ,-J. Bacteriol . 176: 7372-4), and E. coli (GenBank 
05023, Zapata et al. (1989) J. Biol. Chem. 264 : 14 769-14 7/74). Alternatively, fusion proteins 
or sialylation reactions can have a catalytic domain from either or both of GlcNAc 2 ! 
pimerase (EC 5.1.3.8), which converts GlcNAc to ManNAc, and neuraminic acid aldolase (EC 
1.3.3; SwissProt Accession No. P06995) , which in turn converts the ManNAc to sialic acid. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The structure and specificity of a recombinant .alpha. 

2, 3 -sialyl transferase from Campylobacter 

spp., is disclosed. Also provided are methods for using the . 
alpha. 2, 3 -sialyl transferase in the 

production of desired carbohydrate structures and nucleic acids that 
encode the sialyltransferase. 
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LINE COUNT: 5466 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB This invention provides prokaryotic glycosyltransf erases , including a 

bifunctional sialyltransf erase that has both an a2,3- and an 
a2, 8 -activity. A pl,4-GalNAc transferase and a 

(31, 3-galactosyltransferase are also provided by the invention, as 

are other glycosyltransf erases and enzymes involved in synthesis of 

lipooligosaccharide (LOS) . The glycosyltransf erases can be obtained 

from, for example, Campylobacter species, including C. jejuni. 

In additional embodiments, the invention provides nucleic acids that 

encode the glycosyltransf erases, as well as expression vectors and host 

cells for expressing the glycosyltransf erases . 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention is directed to sialytransf erases , such as SiaA 

sialytransf erases isolated from Haemophilus influenzae. Further provided 
herein are methods for producing sialylated lipooligosaccharides , 
vaccines, and host cells and systems for the production of sialylated 
lipooligosaccharides . 
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AB The structure and specificity of a recombinant .alpha. 
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The invention includes methods and compositions for remodeling a peptide 
molecule, including the addition or deletion of one or more glycosyl 
groups to a peptide, and/or the addition of a modifying group to a 
peptide . 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB This invention provides methods for modifying glycosylation patterns of 

glycopeptides, including recombinantly produced glycopeptides. Also 
provided are glycopeptide compositions in which the glycopeptides have a 
uniform glycosylation pattern. 
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bifunctional sialyltransf erase that has both an a2,3- and an 
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pi, 3-galactosyltransf erase are also provided by the invention, as 

are other glycosyltransf erases and enzymes involved in synthesis of 

lipooligosaccharide (LOS) . The glycosyltransf erases can be obtained 

from, for example, Campylobacter species, including C. jejuni. 

In additional embodiments, the invention provides nucleic acids that 

encode the glycosyltransf erases , as well as expression vectors and host 

cells for expressing the glycosyltransf erases . 
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♦ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
Two metabolically engineered Escherichia coli strains have been 
constructed to produce the carbohydrate moieties of gangliosides GM2 
(GalNAcbeta-4 (NeuAcalpha-3) Galbeta-4Glc; Gal=galactose, Glc=glucose 
Ac=acetyl) and GM1 (Galbeta-3GalNAcbeta-4 (NeuAcalpha-3) Galbeta-4Glc . The 
GM2 oligosaccharide -producing strain TA02 Was devoid of both 
beta-galactosidase and sialic acid aldolase activities and overexpressed 
the genes for CMP-NeuAc Synthase (CMP = cytidine monophosphate) , 
alpha-2 , 3-sialyltransf erase 

UDP-GlcNAc (UDP=uridine diphosphate) C4 epimerase, and beta-1, 4-GalNAc 
transferase. When this strain was cultivated on glycerol, exogenously 
added lactose and sialic acid were shown to be actively internalized into 
the cytoplasm and converted into GM2 oligosaccharide. The in vivo 
synthesis of GM1 oligosaccharide was achieved, by taking a similar 
approach but using strain TAGS, which additionally overexpressed the gene 
for beta-1, 3-galactosyltransf erase . In high-cell-density cultures, the 
production yields for the GM2 and GM1 oligosaccharides were 1.25 g L-l and 
0,89 g L-l, respectively. 
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AB This invention provides Campylobacter jejuni 

glycosyltransf erases , including a bifunctional sialyltransf erase that has 
both an a2,3- and an a2 , 8 -activity. A pl,4-GaINAc 

transferase and a pi, 3 -galactosyltransf erase are also provided by the 
invention, as are other glycosyltransf erases and enzymes involved in 
synthesis of lipooligosaccharide (LOS). In addnl . embodiments, the 
invention provides nucleic acids that encode the glycosyltransf erases , as 
well as expression vectors and host cells for expressing the 

glycosyltransf erases. The enzymes may be used in preparation of gangliosides , 
lysogangliosides, and mimics of gangliosides and lysogangliosides. Thus, 
C. jejuni gene est I .alpha. 2, 3- 

sialyl transferase, gene cstll bifunctional a2,3/ct2,8- 
sialyltransf erase, gene cgtA p-1 , 4 -N-acetylgalactosaminyltransf erase, 
and gene cgtB p-1, 3 -galactosyltransf erase enzymes were used to prepare 
the carbohydrate portion of gangliosides GMla, GM2, GM3 , GDla, GD3 , and 
GTla . 
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AB This invention provides methods for practical in vitro sialylation of 
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methods are useful for large-scale modification of sialylation patterns 
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AB This invention provides methods for modifying glycosylation patterns of 

glycopeptides, including recombinantly produced glycopeptides. Also 
provided are glycopeptide compositions in which the glycopeptides have a 
uniform glycosylation pattern. 
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*ABS TRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
The LI immunotype strain 126E of Neisseria meningitidis has been shown 
to have an N-acetyl -neuraminic acid-containing lipooligosaccharide in 
which an alpha -linked galactose from a pk epitope is substituted at the 
06 position (Wakarchuk, W, W, , Gilbert, M, , Martin, A., Wu, Y, , Brisson, 
J, R,, Thibault, P, , and Richards, J, C, (1998) Eur. J, Biochem. 254, 
626-633), Using a synthetic pk-epitope containing acceptor in 
glycosyltransf erase reactions, we were able to show by NMR analysis of the 
reaction product that the 126E (LI) -derived sialyltransferase can make both 
alpha -2,3 and alpha -2,6 linkages to the terminal galactose, Gene 
disruption experiments showed that the 1st gene in 126E(L1) was 
responsible for the in vivo addition of the alpha -2,6-linked 
N-acetyl-neuraminic acid residue. By site-directed mutagenesis it was 
possible to change the MC58 (L3 ) -derived enzyme into a bifunctional enzyme 
with a single amino acid change at position 168, where a glycine was 
changed to an isoleucine. We performed a gene replacement experiment where 
the 126E(L1) alpha -2 , 3/6-sialyltransf erase was replaced by allelic 
exchange with the monof unctional MC58(L3) alpha -2, 
3 -sialyltransferase and with the mutant MC58(L3) allele 

G168I, We observed that the level of LOS sialylation with the G168I allele 
was very similar to that of the wild type 126E(Ll), indicating that 
residue 168 is the critical residue for the alpha -2 , 6-sialyltransf erase 
activity in vitro as well as in vivo. 
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We have applied two strategies for the cloning of four genes responsible 
for the biosynthesis of the GTla ganglioside mimic in the 
lipooligosaccharide (LOS) of a bacterial pathogen, Campylobacter 
jejuni OH4384, which has been associated with Guillain-Barre 
syndrome. We first cloned a gene encoding an .alpha. -2 
, 3 -sialyl transferase (cst-I) using an activity 

screening strategy. We then used nucleotide sequence information from the 
recently completed sequence from C. jejuni NCTC 11168 to amplify 
a region involved in LOS biosynthesis from C. jejuni OH4384. 
The LOS biosynthesis locus from C. jejuni OH4384 is 11.47 
kilobase pairs and encodes 13 partial or complete open reading frames, 
while the corresponding locus in C. jejuni NCTC 11168 spans 
13.49 kilobase pairs and contains 15 open reading frames, indicating a 
different organization between these two strains. Potential 
glycosyltransf erase genes were cloned individually, expressed in 
Escherichia coli, and assayed using synthetic fluorescent oligosaccharides 
as acceptors. We identified genes encoding a p-l,4-N- 
acetylgalac tosaminyl trans f erase (cgtA) , a p-1, 3 -galactosyltransf erase 
(cgtB) , and a bifunctional sialyltransf erase (cst-II) , which transfers 
sialic acid to 0-3 of galactose and to 0-8 of a sialic acid that is linked 
a-2,3- to a galactose. The linkage specificity of each identified 
glycosyltransf erase was confirmed by NMR anal, at 600 MHz on nanomole 
amts. of model compds . synthesized in vitro. Using a gradient inverse 
broadband nano-NMR probe, sequence information could be obtained by 
detection of 3J(C,H) correlations across the glycosidic bond. The role of 
cgtA and cst-II in the synthesis of the GTla mimic in C. jejuni 
OH4384 were confirmed by comparing their sequence and activity with 
corresponding homologs in two related C. jejuni strains that 
express shorter ganglioside mimics in their LOS. 
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The invention provides DNA mols. that encode gene cst-I lipopolysaccharide 
.alpha. -2, 3 sialyl transferase of 

Campylobacter jejuni. The DNA sequence of C. jejuni 

gene cst-I, as well as the corresponding amino acid sequence of 

lipopolysaccharide .alpha. -2, 3 

sialyltransf erase are claimed. The invention also provides 
methods for the recombinant production of lipopolysaccharide .alpha 
.-2,3 sialyltransf erase in prokaryotic and 

eukaryotic cells. The invention further provides the specificity of the 
C. jejuni lipopolysaccharide .alpha. -2, 
3 sialyltransf erase. The C. jejuni 
lipopolysaccharide .alpha. -2, 3 

sialyltransf erase uses terminal galactose acceptors that are 

p-(l-+4) linked to either glucose or N-acetylglucosamine . The 

enzyme also uses terminal galactose acceptors that are p- (l->3) 

linked to N-acetylglucosamine or N-acetylgalactosamine . The enzyme uses 

cytidine monophosphate-N-acetylneuraminic acid (CMP-Neu5Ac) as the donor. 

The broad acceptor specificity of lipopolysaccharide . alpha. - 

2,3 sialyltransf erase encoded by cst-I 

demonstrates its utility and makes it an attractive tool for chemo-enzymic 
synthesis of sialylated oligosaccharides. 
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AB As part of our program to design, develop and prepare protective 

vaccines against the bacterial pathogens Group B Streptococcus, we report 
the synthesis of a disialylated hexasaccharide. This hexasaccharide 
represents a portion of the serotype-specif ic capsular polysaccharide of 
Type VIII that has the tetrasaccharide repeat unit {beta-L-Rhap- ( 1 --> 
4) -beta-D-Glcp- (1 --> 4) - [alpha -Neu5Ac- (2 --> 3 )] -beta-D-Galp- ( 1 --> 
4) } (n) . A tetrasaccharide corresponding to this repeat unit has been 
synthesized by us [E. Eichler, H.J. Jennings, D.M. Whitfield, J. 
Carbohydr. Chern., 16 (1997) 385-411]. Since the protective epitopes are 
believed to involve several, repeat units, methods to extend this 
tetrasaccharide were examined. This objective requires a glycosylation of 
the unreactive OH-4 of the beta-L-Rhap, which was accomplished by coupling 
a D-Galp glycosyl trichloroacetimidate donor with a beta-L-Rhap- ( 1 --> 
4)-D-Glcp acceptor. Subsequent coupling of this trisaccharide as a donor 
to an a-Neu5Ac-(:2 --> 3) -D-Galp disaccharide acceptor gave a 
pentasaccharide. The pentasaccharide was deprotected and enzymatically 
sialylated using an alpha- (2 --> 3) - 

sialyltransf erase from Campylobacter jejuni to give the 

title hexasaccahride alpha-Neu5Ac- (2 --> 3) -beta-D-Galp- (1 --> 

4) -beta-L-Rhap- (1 --> 4) -beta-D-Glcp (1 --> 4) - [alpha-NeuSAc- (2 --> 

3) ] -beta-D-Galp- (1 --> 0) - (CH2) (3 ) N-3 . (C) 1999 Elsevier Science Ltd. All 

rights reserved. 



